Introduction
The so-called Sandwich system with hysteresis is a class of systems in which a hysteretic subsystem is sandwiched between two smooth dynamic blocks. In engineering, many practical processes can be considered as the sandwich systems with hysteresis. In the following, two typical examples will be presented.
Ultra-precision moving positioning stage
A typical ultra-precision moving positioning stage is often used in ultra-precision manufacturing system for its nanometer displacement and fast linear moving speed. Usually, such platform consists of electric amplifiers, piezoelectric actuators and loads. As hysteresis is inherent in piezoelectric actuator, the amplifier and load can be considered as smooth dynamic subsystems. Therefore, this platform can be considered as a typical sandwich system with hysteresis. Fig.1 shows the architecture of such system. 
Mechanical Transmission System
Mechanical transmission system often exists in machine tools or many other mechanical systems. A typical mechanical transmission system is shown in Fig.2 . In this system, the servomotor is used to drive a gearbox connected with a mechanical work platform through a screw. In this system, u is the servomotor angle, x is the angle of the gearbox, and y is the displacement of the work platform. The servomotor and the work platform can be considered as smooth dynamic subsystems. However, the gearbox and screw in this system is a typical hysteresis nonlinearity due to the tear and wear of the gear teeth. Obviously, this mechanical system can be described by the sandwich system with hysteresis.
Mathematical Description of Sandwich Systems with Hysteresis
The structure of the sanwich system with hysteresis is shown in Fig.3 . Suppose the nonlinear single-input-single-output (SISO) system with sandwiched hysteresis is described by i L :
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where H presents the hysteresis nonlinearity. 
Control Architecture for Sandwich System with Hysteresis
From Fig. 3 , it is known that the architecture of the sandwich system with hysteresis is rather complex. It would be convenient for us to design a control strategy for such system if we could find a method to simplify the structure of the system. In this section, a control architecture for the sandwich system will be discussed. In this architecture, a neural networks (NN) based inverse system 1 i L − will be constructed. By connecting the NN based inverse with the system i L can form an approximate pseudo-linear unit compensator which leads to
Then the sandwich system can be transform to a pseudo-linear unit system connected with a nonlinear system preceded with hysteresis nonlinearity which is shown in Fig.4 . The obtained the system can be considered as a Hammerstein System with hysteresis. error. Hence, the obtained system preceded by a hystersis can be described as follows: 
and
The control objective is to design a control law () vt to force () yt , the plant output, to track a smooth prescribed trajectory () is the so called pseudo-control (Calis & Hovakimyan, 2001 ) and
is the system residual. Asˆ(,) f xv is invertible with respect to v and satisfies (Calis & Hovakimyan, 2001 ):
In order to design the corresponding control strategy, the approximation of the nonlinear residual (,,) f xvu % is required. Neural networks would be one of the recommended alternatives to model this residual. However, (,,) f xvu % involves the characteristic of www.intechopen.com hysteresis, the traditional nonlinear identification methods such as neural modeling technique usually cannot be directly applied to the modeling of it since the hysteresis is a non-linearity with multi-valued mapping (Adly & Abd-El-Hafiz, 1998) . In Section 4, we will present a method to construct the neural estimator for (,,) f xvu % to compensate for the effect of hysteresis. Moreover, a corresponding adaptive control method based on the control archieture stated-above will be illustrated in Section 5.
Neural Estimator for System Residual
In order to approximate the system residual, neural network can be considered as an alternative. However, the system residual contains the characteristic of hysteresis which is a system with multi-valued mapping. In this section, a hysteretic operator is proposed to construct an expanded input space so as to transform the multi-valued mapping of hysteresis into a one-to-one mapping . Thus, the neural networks can be used for modeling of hysteresis based on the expanded input space with the hysteretic operator. The proposed hysteretic operator is defined as: The above-mentioned neural network based on the expanded input space with hysteretic operator can be used to construct the corresponding neural estimator for the system residual (,,) f xvu % . Thus, it can be used for the compensation for the effect of the hysteresis inherent in the sandwich system.
Adaptive Control Strategy
In section 3, we introduce an architecture of the control strategy for the sandwich system with hysteresis. In the control structure, a neural inverse model is used to compensate for the effect of i L in the architecture of the sandwich system with hysteresis. After the compensation, the sandwich system with hysteresis is approximately tranformed into a Hammerstein system with hysteresis. In this section, an adaptive control strategy is developed for the obtained Hammerstein system with hysteresis. Hovakimyan and Nandi (2002) that the assumption is held when (11) and (12) are satisfied. Using (18) and (19), (10) 
The Taylor series expansion of () Theorem 2: Let the desired trajectory be bounded. Consider the system represented by (5), (6) and (7), if the control law and adaptive law are given by 
The derivative of L will be
Substituting (20) into (35), it yields
Substituting (30) and (31) , (36) can be rewritten as ,we obtain
Substituting (32) and (33) into (38), it results in
Defining 00 00 00
and 00 00 00
can be rewritten as
As
That is
Thus, L & is negative as long as either
. This demonstrate that τ , W % , V % , and φ % are ultimately bounded. According to Assumption 1 and the definition of τ and φ , we can obtain that the variables e , Ŵ , V andφ in the closed-loop system are ultimately bounded.
Simulation
In order to illustrate that the proposed approach is applicable to nonlinear system with sandwiched hysteresis, we consider the following nonlear system: The design procedure of the controller for the snadwich system with hysteresis will be shown in the following. Fig.7 , it is known that the control performance of the proposed controller has achieved good control response. Also, Fig.8 illustrates the control performance of the PID controller. It can be seen that the PID control strategy has led to larger control error when the reference signal achieves its local extreme. However, the proposed control strategy obtained better control performance. It can obviously derive more accurate control result.
1) Construction of nerual network based

Conclusions
An adaptive control strategy for nonlinear dynamic systems with sandwich hysteresis is presented. In the proposed control scheme, a neural network unit inverse is constructed to compensate for the effect of the first smooth dynamic subsystem. Thus, the sandwich system with hysteresis can be transformed to a Hammerstein type nonlinear dynamic system preceded by hysteresis. Considering the modified structure of the sandwich system, an adaptive controller based on the pseduo-control technique is developed. In our method, a neural network is used to approximate the system residual based on the proposed expanded input space with hysteretic operator. The advantage of this method can avoid constructing the hysteresis inverse. Then, the adaptive control law is derived in terms of the Lyapunov stability theorem. It has been proved that the ultimate boundedness of the closed-loop control error is guaranteed. Simulation results have illustrated that the proposed scheme has obtained good control performance. 
